ABSTRACT
The relationship between the process of transformation, as defined by the growth properties of animal cells in tissue culture, and oncogenesis is poorly defined. The (1, 2) . Whether morphologic transformation of human cells by SV40 correlates -with the acquisition of malignant potential has been difficult to determine due to lack of a suitable animal host. Jensen et al. (3) found that subcutaneous inocula of 1.5 to 3.0 X 107 SV40-transformed W-18 cells produced nodules in terminal cancer patients, but the nodules did not grow progressively and always regressed within 10 days of implantation accompanied by an inflammatory reaction. Stanbridge et al. (4) reported that SV40-transformed human buccal mucosa cells formed "palpable tumor nodules" in mice treated with antilymphocyte serum. Croce et al. have stated that SV4O-transformed LeschNyhan syndrome fibroblasts are tumorigenic in athymic nude mice (5) .
The congenitally athymic nude mouse (6) appears to be the best host for assessing the malignant potential of animal and human cells. In recent studies* workers in our laboratory found: (i) that all human and animal cell lines derived from neoplasms were tumorigenic in nude mice; (ii) that secondary cultures of animal and human embryos were (8) .
RESULTS
Tumorigenicity of human cells in athymic nude mice Cell lines were tested for tumorigenicity with an inoculum of one to two million cells. Fig. 1B . Two of the SV40-transformed human lines were retested for tumorigenicity in nude mice with inocula 10-to 20-fold in excess of those used with human cancer cell lines. Table 2 shows that the larger inocula were similarly ineffective in provoking tumor formation. When 107 LNSV cells were injected, swellings to a diameter of 0.5-0.6 cm were apparent after 1 day and disappeared within 7 days. Two lines, RBSV3 and TBSV1A, were injected at early passages after SV40 infection, and these cells subsequently entered into an apparent "senescent crisis" (10) in culture. The RBSV1A line was tested for tumorigenicity at a later passage when the cells had recovered from the crisis. The "postcrisis" RBSV1A cultures were similarily nontumorigenic.
Lines VA2-8-aza-Gr and LNSV are deficient in hypoxanthine phosphoribosylpyrophosphorylase activity (Table 1) . To determine whether this enzyme is crucial to tumor formation in nude mice, we injected several animals with the A-9 substrain of mouse L cells which is deficient in the enzyme activity. A-9 cells were tumorigenic in 100% of the nude mice tested ( Table 4 shows that human SV40-transformed cells do not form tumors in neonatal nude mice, in nude mice treated with 700 rads of whole body irradiation, or in nude mice treated with antilymphocyte serum. Antilymphocyte serum had no effect (17) . 104) were plated into 60-mm culture dishes in the cell culture medium described in Materials and Methods. After 24 hr, medium was changed to Dulbecco modified Eagle's medium supplemented with either 1.0% or 10% fetal bovine serum. On alternate days, sample plates of cells were counted and medium was changed. Population doubling times (hr) were determined for cells in logarithmic growth. Cell saturation density was calculated from cells grown in medium + 10% fetal bovine serum that had reached maximum density under the above conditions. Cloning efficiency in Methocel medium containing Dulbecco modified Eagle's medium, 12.5% horse serum, and 2.5% fetal bovine serum was determined essentially as described by Risser and Pollack (27) . * FBS, fetal bovine serum. Table 5 summarizes the serum growth requirements, anchorage requirements, and saturation densities of two SV40-transformed human cell lines. For reference, the same properties are described for Balb/3T3 cells and for SVT2 cells, an SV40-transformed mouse fibroblast line. The W18VA2 human line showed a serum requirement comparable to 3T3 cells. However, W18VA2 cells could plate in Methocel suspension. LNSV cells could not grow in suspension, but these cells grew very well in low serum medium. These results show that some of the growth characteristics associated with viral transformation are insufficient for, or are only coincidentally related to, tumorigenicity in nude mice.
All of the SV40-transformed human lines examined in this study resembled the nontumorigenic 3T3 line more than the tumorigenic SVT2 line in one respect, namely morphology. As shown in Fig. 2 The cellular nature of the abortive nodules induced by human SV40-transformed cells and the basis of growth inhibition in nude mice are the subjects of continuing investigation. If these human cells have truly escaped from growth control, yet do not form tumors in immunologically neutral hosts, then they may provide a means to study auxiliary factors potentially involved with tumor formation in vivo, such as angiogenesis factors (18) or sensitized, tumor-stimulating lymphocytes (19, 20) . On the other hand, if human SV40-transformed cell lines are actually responsive to host-mediated growth control, they could serve as functional analogues of mouse 3T3 cells to assess the oncogenic potential of viral, chemical, and physical agents toward man.
